We report the characterization of 12 polymorphic microsatellite markers in the biotrophic fungus Puccinia triticina , the causal agent of leaf rust on wheat. An enrichment protocol was used to isolate microsatellite loci and polymorphism was explored with 15 European isolates. Significant level of cross-amplification (44% of the loci) was found in P. striiformis . 1997) is a Basidiomycota responsible for wheat leaf rust, a common and damaging disease of wheat ( Triticum aestivum ). Mainly spread by asexual dikaryotic urediniospores, this biotrophic fungus is however, able to complete a sexual cycle on the aecidious host species Thalictrum speciosissimum in Mediterranean regions and in Central America.
Puccinia triticina Eriks. ( P. recondita f.sp. tritici : Anikster et al . 1997 ) is a Basidiomycota responsible for wheat leaf rust, a common and damaging disease of wheat ( Triticum aestivum ). Mainly spread by asexual dikaryotic urediniospores, this biotrophic fungus is however, able to complete a sexual cycle on the aecidious host species Thalictrum speciosissimum in Mediterranean regions and in Central America.
The development of leaf rust populations relies on its fast uredial cycle, allowing bursts of epidemics when climatic conditions are favourable. Despite clonal multiplication of spores, P. triticina populations exhibit a high level of diversity, both at virulence and molecular levels (Kolmer & Liu 2000) . The importance of sexual reproduction for the maintenance of polymorphism or for the adaptive dynamic of the species remains unknown, and its determination required molecular markers. As P. triticina is a dikaryotic organism, codominant markers were needed, which prompted a search for microsatellite loci.
A microsatellite enriched-library of P. triticina was built according to Dutech et al . (2000) and Giraud et al . (2002) , using biotin-labelled microsatellite oligoprobes [(TC) 10 (TG) 10 (AAT) 10 and (AAG) 10 ] and streptavidin-coated magnetic beads. Total genomic DNA was extracted from a mix of spores sampled in Grignon (France) in 1999. 10 mg of spores were ground by vortexing a 2-mL tube containing 200 µ L of buffer (25 g/L D-Sorbitol, 10 g/L N-Lauroylsarcosine, 0.8 m NaCl, 20 m m EDTA, 0.1 m Tris, PH 8) and seven glass beads, 4 mm in diameter, for 2 min 30 s. After adding 300 µ L of buffer and 10 µ L proteinase K (10 mg/mL), the suspension was incubated 1.5 h at 65 ° C, then mixed with 0.5 mL chloroform, and centrifuged at 4 ° C for 20 min at 20 000 g. DNA was precipitated from the supernatent with one volume of isopropanol ( − 20 ° C), centrifuged for 20 min (20 000 g), and DNA pellet washed with 70% ethanol, air dried and dissolved overnight at 4 ° C in 20 µ L TE-buffer (10 m m Tris pH 8, 1 m m EDTA) + 1 µ L RNase (10 mg/mL). After digestion of genomic DNA and transformation, recombinant colonies were screened by hybridization of dioxigenine-labelled oligoprobes [(TG) 10 (TC) 10 and (AAT) 10 ]. A total of 1500 clones were screened and 133 gave positive hybridization signal (8.9%). Inserts were of an appropriate size for sequencing, i.e. mainly between 300 and 650 bp. All positive clones were sequenced, and we found microsatellites in 110 of them (83%). Most of the microsatellites were however, too small (from 5 to 7 repeats) to be expected to be polymorphic. Polymerase chain reaction (PCR) primers were designed for 36 loci, containing di-, tri or tetra-nucleotide microsatellites repeated from six to 19 times, using the computer program oligo ™ (National Bioscience).
PCR amplifications were performed using a iCycler ,2a,2b,3,3 ka,9,10,15,17,17b,19,23,24,26 2c,3 bg,13,14a,16,20 1989 France B9201-2C3 1,2a,2b,3,3 bg,3 ka,9,10,15,17,19,20,23,24 2c,13,14a,16,17b,26 1992 France B9384 -1C1 1,2a,2b,9,10,19,23,24 2c,3,3 bg,3 ka,13,14a,15,16,17,17b,20,26 1993 France B9387 -1A1 1,2a,2b,9,13,15,16,17,17b,19,20,23,24,26 2c,3,3 bg,3 ka,10,14a 1993 France B9405 -2B 1,2a,2b,9,10,19,23,24 2c,3,3 bg,3 ka,13,14a,15,16,17,17b,20,26 1994 France B9407-1CA3 1,2a,2b,3 ka,9,10,13,15,17,17b,19,23,24,26 2c,3,3 bg,14a,16,20 1994 France B9414 -1CA2 2a,2b,3 ka,9,10,13,15,17,17b,19,20,23,24,26,17b 1,2c,3,3 bg,14a,16 1994 France B9506-2B 1,2a,2b,3,3 bg,3 ka,9,10,15,17,19,20,23,24 2c,13,14a,16,17b,26 1995 France B950506-A 2a,2b,2c,3,3 bg,3 ka,9,13,14a,16,19,23,24,26 1,10,15,17,17b,20 1995 France B9833-B 1,2a,2b,9,19,20,23,24 2c,3,3 bg,3 ka,10,13,14a,15,16,17,17b,26 1998 France B9834-E 1,2a,2b,3,3 bg,3 ka,9,15,17,17b,19,20,23,24,26 2c,10,13,14a,16 1998 France B77SaBa 9,10,14a,16,19,23,24 1,2a,2b,2c,3,3 bg,3 ka,13,15,17,17b,20,26 Czechoslovakia B347 9,14a,17b,19,23,24,26 1,2a,2b,2c,3,3 bg,3 ka,10,13,15,16,17,20 Czechoslovakia B950019-A 1,2a,2b,3,3 bg,3 ka,9,13,14a,15,16,17,19,23,24,26 2c,10,17b,20 1995 2c,3,3 bg,3 ka,10,14a 1995 Germany primer, 0.25 U of Taq DNA polymerase (Promega), and approximately 10 ng of sample DNA. PCR products were analysed in 6% polyacrylamide gels and visualized by silver staining (Chalhoub et al. 1997) . Alleles were scored by length in bp, using as size standard a 25pb DNA ladder (Promega) . Of the 36 microsatellites tested, 31 successfully amplified fragments of appropriate size. Their polymorphism was evaluated on a sample of 15 leaf rust isolates, composed of 11 French isolates and four isolates of other European origins (Table 1) . Only 12 microsatellite loci were polymorphic (Table 2) . This low rate of polymorphic markers (33%), as well as the low number of alleles (2-4), can be at least partly explained by the low number of repeats of the cloned microsatellites. If most of the loci have allele sizes corresponding to increments of the repeat unit, RB17 and RB28 present 1 bp allele differences (Table 2) : insertion-deletion events are also involved in the polymorphism detected. For RB31, the two alleles detected appear to be increments of the 8pb repeat instead of the 2pb. The majority of the isolates presented two bands at each polymorphic locus, indicating a high heterozygosity of the dikaryotic uredinospores. The three isolates from Czechoslovakia and Switzerland were discriminated from the other isolates by four microsatellites (RB8, RB12, RB28 and RB31). Even if the very small sampling size used here is expected to create linkage disequilibrium at random, there was no evidence of strong linkage disequilibrium between loci for the other micorsatellites.
The 36 primer pairs were also tested for cross amplification on 16 P. striiformis f.sp. tritici pathotypes (1 isolate per pathotype) of French and Chinese origins. Sixteen microsatellites gave positive amplifications, four of them being polymorphic (RB10, RB16, RB27 and RB35).
Despite the limited number of isolates studied here, the polymorphism found for the 12 microsatellites demonstrate that these markers will be highly useful for studying sexuality and geneflow in leaf rust populations.
